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Science for the Soldier: The
U.S. Army’s Natick Labs

by Philip Brandler

In conducting state-of-the-art research

in the basic and applied sciences, the U.S. Army Natick Research,

Development and Engineering Center is taking its mandate of protecting

hroughout its nearly
50-year history, the U.S. Army
Natick Research, Development
and Engineering Center has
followed a simple mandate: to
ensure that American soldiers
are the best fed, best protected,
and most highly mobile in the
world. From its World War II
roots as a facility of the
Quartermaster Corps to its
present-day stafus as a premier
research and development or-
ganization, the Natick center
has consistently embraced the
principle that sustaining and
protecting the individual sol-
dier with ever morc sophisti-
cated technology will lead to a
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and sustaining the individual soldier

stronger national defense and a
safer nation. Today, as a recog-
nized leader in the food, textile,
aerodynamics, and engineering
sciences, Natick is home to
ideas, technologies, and prod-
ucts that have been shaping
both the U.S. military forces
and the broader world for de-
cades and that will continue to
do so well into the 21st cen-
tury.

In conducting both basic and
applied research, Natick's sci-
entists, engineers, and equip-
ment designers provide the
army and other branches of the
.S, military with a wide range
of field-feeding and life-sup-
port systems, clothing, preci-
sion airdrop equipment, and
protective gear against ballistic,
chemical, and laser weapons.
Basic research into texiile ma-
terials, for example, has led to
the creation of new fabrics that

are lighter in weight, more du-

info the new millennium.

rable, and more weather-resis-
tant than anything soldiers have
ever worn. Research into poly-
meric composites has resulted
in helmets that are stronger,
lighter, and mere protective
than the steel “pots” used in
World War II and the Korean
and Vietram wars. Investiga-
tion of the nutritional require-
ments of the human bedy has
led to a new understanding of
how to sustain a soldier's peak
performance under stress with
rations that contain the opti-
mum mix of ingredients and
are easy to prepare in remote
locations.

In addition to its role in
crafting the soldier of the fu-
ture, Natick has pioneered
ways of reaching out to the

Philip Brandler is Direcior of
the LS. Army Natick {Massa-
chusetts) Research, Develop-
ment and Engineering Certien
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The extreme environmentel
conditions encouniered in World War
It sent the U.5. Army u sobering
message that the equipment it had
designed for ifs soldiers was dearly
inadequate and that changes were
imperative.

nonmilitary community.,
Through cooperative agree-
ments with other aovernment

agencies and privawe industry, it

has developed much of the
foad caten by space shutide as-
tronauts during their missions:
outfitted police forces with
special baliistic protection
against bullets, shrapnel, and
ather flying objects: and devel-
oped  shelf-stable sundwich
foods that promise 1o combine
convenience and nutrition for a

consumer market.

EARLY YEARS

Ground was broken in 1952 on
A 32-hectare (78-acre) site in
Natick., Massachusetts, for
what was then called (he
Quartermasier Research Lubo-
ritory. Inactuality, however.
the facility can trace its origins
back another decade, w0 the

carly years of World War 11
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That war delivered a stark mes-

sage (o the U.S. Army that the
equipment it had designed fol-
lowing World War [ was decid-
edly inadequate for the extreme
climatic conditions that Amer-
ican forces were encouniering
in such places as the jungles of
the southwest Pacific and the
sands of northern Africa. AS

reports came in of tents fathing




victim to mildew in the Pacific,
of troops being immobilized by
trench foot in the Aleutians,
and of food being pitched into
the sea after commercial pack-
aging techniques had failed te
keep it wholesome, it became
apparent to army leaders that
changes needed to be made.

The office of the Quarter-
master General established a
Rescarch and Development
Branch in 1942 to augment ex-
isting army material with
equipment that would serve the
soldier in any environment in
the world. The new branch was
keaded by Col. Georges Doriot,
a French-born American who
would later rise to the rank of
brigadier general. Doriot envi-
sioned an “Institute of Man,” a
scientific laboratory that would
measure the effects of the bat-
tefield environment upon sol-
diers, The belief driving his vi-
sion was that the limitations
placed upon human capabilitics
by the battlefield had to be de-
termined if the most efficient
food, clothing, and equipment
were 10 be designed. By under-
standing the stresses that sol-
diers faced, scientists would be
abic to develop straiegies to
counteract them.

With this philosophy serving
as a beacon, improvements
came rapidly. Climatic cham-
bers in Lawrence, Massachu-
Setts, were put to warlime use

for studying and testing cloth-

ing and equipment in hot and
cold environments. These stud-
ics, complemented by others
conducted at the Quartermaster
Center at Ft. Lee, Virginia,
generated basic fabric-perfor-

mance criteria for the design of

new and impreved material.
Similarly, work done at the Cli-
matic Research Laboratory in
Jeffersonville, Indiana, resulied
in advances in mildew-resistant
finishes for tent fabrics. Mean-
while, at the Subsistence Re-
search Laboratory in Chicago,
scientists developed field-feed-
ing systems that enabled a va-
riety of new foods to be
quickly produced and shipped
to troops around the world.
The strides that had been
made in research and develop-
ment during World War II con-
vinced the army of the need for
a continuing program devoted
to protecting and

sustaining  soldiers.

Just as clear, how-
ever, was the need
for consolidating
the scattered ele-
ments of the Quar-
termaster Research
and Development
Branch. A cam-
paign was launched
to establish a single
modern faboratory dedicated to
the study of human beings and

their environment—the realiza-

tion of Doriot’s Institute of

Man.
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In 1947 legislation was in-
troduced in Congress to create
such a facility in the Boston
area, New England was the fa-

vored lecation from the begin-

ning, boasting not only some of

the most renowned educational
centers in the country bhut also
the wide climatic variation that
would aid in the kind of exper-
iments that the laboratory
would be conducting. Other
parts of the country did not
view the issue as plainly, how-
ever, and waged a pitched bat-
tle in congressional hearings
for the privilege of being the
host of the new facility. Even-
lalty Cengress agreed to turn
the matter of site selection over
to the Department of Defense,
which after reviewing some
278 proposals from 40 states,
finally announced its choice of
Natick in 195f, Three ycars
Jater the facility was
dedicated as the

Quartermaster Re-
search and Develop-
ment Center.

The name of the
facility has changed
SCVC]‘B] [ilT]CS over
the years, as has the
army command un-

i der which it serves.

Col. Georges Doriot established the
philosophy of the Natick Labs with
his vision of o stientific institute that
would study the effects of the
baottlefield environment on soldiers.
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Today the Natick Research,
Development and Engineering
Center serves as a subordinate
activity of the U.S, Army Sol-
dier Systems Command (SS-
COM}, which is also headquar-

tered in Natick. Together these

agencies pursue a concept of

the 21st-century military that
sees the soldier as a system and
that integrates all the elements
that support the soldier into a
single package to enhance per-
formance and improve the

quality of life.

ORGANIZATION AND
FACILITIES

Known locally by its most en-
during name, the Natick Labs,
the center is situated on a pen-
insula overlooking Lake Cochi-
tuate, a fertile body of water
divided into threce hasins
stretched across almost 250
hectares {more than 600 acres)
and connected by navigable
culverts. Much of the shoreline
has been preserved as a state
park, which gives the area
around the Natick Labs a pris-
tine, natural feeling. Although
the lake originally provided the
center with water for cooling
purposes, teday it serves only
as a picturesque backdrop for
visitors. employees, and miki-
tary families,

The town of Natick is a res-
idential community located 24
kilometers {15 miles) south-




wesl of Boston, mixing an
older downtown area with
modern suburban  architecture
and Victorian-era mansions
hidden on quiet, ieafy streets.
The Natick Labs participates in
the #ife of the community in a
number of ways. For example,
school groups and interested
citizens are regularly invited (o
the post to tour the facilities,
and Natick rescarchers wravel to
Jocal schools to perform class-
room demonstrations aimed at
increasing students’ interest in
science.

With its colorful foliage and
1950s-era design, SSCOM's
campus has the look of a small
college. The post comprises 36
buildings, although much of
the work of the Natick Labs is
done in the two most promi-
nent, the appropriately named
Research and Development
buildings. Another large build-
ing, affectionately dubbed the
Blue Palace, houses the kitchen
facilities used for research into
ration design,

Natick employs about 500
people. mostly civilians, and is
divided into four research
groups. The Moebility Director-
ate is charged with developing
airdrop systems. including per-
sonne!l and cargo parachutes.
The Science and Technology
Directorate investigates human
hehavior and performance and
explores new materials and tex-

tiles. The sk of developing

A wooded peninsvlo on
Mussachusetis's Lake Cochituate is
home to the Natick Labs. The
shoreline dlso supports a stafe park,
which gives the site a rural
atmosphere.
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rations, shelters, field kitchens,
and other equipment for usc in
the field, inciuding showers
and latrines, falls to the Sus-
tainability Dircctorate. Finally,
the Survivability Directorate
develops prolective clothing,
helmets, boots, and other per-
sonal equipment for soldiers,
Natick has several cxcep-
tional design and testing facili-
ties that support the director-
ates in their research. In the
Camouflage Evaluation Facil-
ity, scientists and engineers test
and evaluate new camouflage
patterns in four envirommentai
settings: woodland, desert, ur-
ban, and arctic. Because the
lighting in the facility can be
adjusted to simulate various
day and night conditions, in-
different

and moonless night

cluding levels of
moonlit
skies, evaluators have a realis-
tic and reliable tool for measur-
ing the performance of new
and non-U.S. camoufiage ma-
terials under a variety of con-
ditions, The facility is comple-
mented by a digital Terrain
Analysis System, which breaks
down videotaped foolage of
real environments into a user-
specified number of predomi-
nant celors and shapes. The
natural patterns that the system
extracts from a given environ-
ment can then be used to de-
sign new camouflage patterns.

Natick also has a luser-based

body-scanning and digitizing
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A soldier is scenned in Natick's Whele
Body Digitizer {ubove) to collect dutn
that will be vsed fo opfimize the
design and sizing of clothing and
equipment. {Right) Soldiers and theiv
equipment undergo testing in the
center’s Doriof Climatic Chombers,
which can simulate climatic extremes
runging frons o tropical motsoon to
polar deep freeze.

system 1o pursue its research
nto three-dimensionad anthro-
ponetry. the study of the ge-
ometry of the human form aud
s dilferences among popula-
tions, Both military and private
industry often use  anthropo-
metric data to assess the range
of body sizes within populs-
tons of interest. At Natick the
scanning and digitizing system.
which measures and records a
badv's 3D swrface coordi-
nates. iy used o optimize the
design and sizing ol uniforms
and equipment. For instanee.
researchers recenty surveyed
the surlace coordinates of the
heads and Gees ol about 90
male and female soldiers in or-
der 10 get e best possible fit
freom chemival protective

NMhisks,

By incorporating 3-D digital
models of the human form into
computer-aided design soft-
ware, Nalick researchers can
desian and evaluate clothing
and equipment prior to creating
actual physical prototypes.
This improved understanding
of human shape differences
makes it possible for better-
iftting clothing o be developed
for the army’s diverse popula-
tion. QOver the long term.
whaole-body modeling of indi-
viduals could lead o custom
apparel design, commonly re-
lerred 10 as “apparel on de-
mand™ or “mass-produced cus-
wm.” s other words. i an
aceurate image of an individ-
sal's surface coordinates ex-
isted. clothing then could be

desizned and fabricated specif-

Photogiaphs, U.5. iy SSCOM

tcally for that individual, Such

technology could form the ba-
sis of a manufacturing system
having great potential value to
both the military and private
industry.

Perhaps Natick™s most es-
sential facility is the Doriot
Climatic Chambers, where sol-
diers test themselves and their
equipment against worldwide
climate extremes. The facility
houses two wind wnnels. cach
18.3 meters long. 3.4 meters
high, and 4.6 meters wide
(60= 11215 feet), Tempera-
tures inside the topic tunnel
range from - 18 w 74° C O
o 165° Fp inside the arctic
tunnel the wemperature range is
=57 10 497 C (—70% 10 120° ).
With an ability to simulate

rainfall at rates up to 10 centi-
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melers (four inches) an hour
and winds up to 65 kilometers
(40 miles) per hour, the cham-
bers provide valuable insight
into how new items will per-
formi in just about any environ-
ment. They also generate infor-
mation on human performance
refative to acclimation, dehy-
dration, and work rates—infor-
mation that has provided criti-
cal field guidance to U.S.
commanders in the Persian
Guif and Somalia. The work
done in the chambers is at the
heart of Natick's mission, for it
helps to ensure that soldiers
will be fully protected, sus-
tained, and elfective wherever

they are called inte action.

FROM LAB BENCHES 1
BATTLEFIELDS

Through programs devoted t0
the pursuit of basic science,
Natick has often been abic 10
nurture lechnologies frem in-
fancy o maturation. In a re-
cent, ongoing example of that
process, the center's scientists
have employed a technigue
catled eclectrospinning to pro-
duce an experimental new fab-
ric that could one day be used
o make seamless garments.
Electrospinning is o process by
which a polymer solution is
charged o high voltage. At 2
certain voltage level a fine jet
shoots out from the solution

and travels through air toward




an clectrically grounded target,
forming a continuous polymer
fiber made of namerous fila-
menis. As it reaches its target.
the fiber splays into its compo-
nent {laments and dries, which
results in a web of finc, inter-
connected filaments—i.e., a
nonwoven fabric.
Electrospinning gives scien-
tists the ability o bring to-
gether a variety of polymer
types and fiber forms into a
single material and to produce
ultrathin membrancs. Mi-
croporous thin membranes are
used in protective garments,
sport clothing, and even dia-
pers. and they offer significant
advantages in weight reduc-
tion, comfort, and protection
against toxic substances. De-
pending on the specific poly-
mer used, fabric properties
such as strength, weight, and
porosity could be customized
in the resulting electrospun tex-
tile. Natick scientists hope to
incorporate into one fabric de-
sired values of such diverse
properties as electrical conduc-
tivity, chemical reactivity,
fammability, and resistance to
wind and water. Ultimately
they would fike w be able to
electrospin fibers directly onto
3-I> garment forms obtained
through whole-body scanning
and modeling. Made with the
help of computer-aided design
and manufacturing processes.

the resulting garments would

be not only custom-{it but also
seamiess. which would reduce
a soldier’s risk of chemical ex-
posure during bautle.

In another instance of cul-
ling-edge basic science, Nulick
researchers are helping to real-
ize a longtime goai of fiber-
industry specialists: the dupti-
cation of spider silk for poten-
tial use in ballistic protective
clothing. The filber used in such
clothing must be high in
strength, in modulus (a mathe-
matical term that in this case
refers to a fiber’s stiffress), and
in cxtensibility (the amount it
can elongate under tension be-
fore bhreaking). In other words,
it must be very tough. Cur-
rently the army’s protective
vests and helmets incorporaie
fibers of Keviar, the trade-
marked name of an aramid
poiymer made by Du Pont. Al-
though Kevlar fibers are tough,
spider silk is three times
tougher. A major reason for
spider silk's preeminence lies
in its superior extensibility.
Consequently, it can absorb
more mechanical energy with-
out breaking and, theoretically,

stop a projectile more effec-

tively. The superior qualitics of

spider silk also make it a
highly altractive material for
such applications as parachute
cords. fiber-composite materi-
als, and surgical sutures,

In & major breakthrough in

the long strugele to duplicate

spider silk, Natick resenrchers
have successfully cloned the

gene that codes for the protein

constituting the dragline silk of

the golden orb weaver spider
(Nephila ¢lavipes). In additon,
they have made synthetic

rennes. based on the natural

gene, whose protein products
mimic spider dragline silk. By
means of reccombinan{ DNA
technology, both natural and
synthetic genes have been in-
serled into Escherichia coli
bacteria. whick in turn have
been mduced to produce small
quantitics of silks in a fer-
menter. Fibers have been spun
from the bacterially produced
silks, and several patent appli-
cations on the technology are
in the works.
Scientists stifl must over-
come many challenges before

the worth of spider silk as a

5. Ay SSCOM Photo

This nonweven polymer membrane is
« produci of electrospinning, o
tedimology being developed by Natick
scientists, Electrospinning offers the
ahility to create ultrathin protective
fabrics having wstomized properties,

ballistic protective material can
be proved. Perhaps most signit-
teant is the need 1o ascerin
low the recombinant bacteria
can be coaxed into producing
larger quantitics ol the siik,
Spider silk protein has proved
1o be uncommonly difficult to
work with, both for humans
and for the normally prolilic £.

coli.

LIFESAVING CLOTHING

Natick's world leadership in
providing superior protective
clothing is especiatly notable in
the area of ballistics. The cen-
ter’s engineers have to develop
gear that meets the twin chal-
lenges ol protecting the soldier
as lhoroughly as possible from
shrapnel and bullets while be-
ing light enough to avoid un-
duly restricting the soldier’s
mobility. Currently reseacchers
are developing a new ballistic
protective vest. the Meodular
Body Armor sysiem, as a
lighter-weight replacement for
the army’s present body armer.
lis weight reduction will not
only increase a soldier’s mobil-
iy and survivability but also
reduce the likelihood of heat
stress.

Modular Body Armor com-
bines two ballisde protection
features. It has a “soft” compo-
nent, the vest isel, that pro-
tects against fragmentation—

shrapnel and other explosive

r
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Natick scientists have cloned the gene
for the dragfine silk protein of the
golden orh weaver spider (right} and
have inserted it into hacterie, which
then have been induced to make small
amounts of sifk in a fermenter
{bottom right). The broken end of o
silk strand (hottom left) hus heen
magnified thousands of fimes for
studies of sitk’s foughness.

debris—and handgon  bullets.
The army’s current vest is
made of {3 layers of a particu-
lar Keviar weave. The materi-

als under investigation for the

new vest include a variely of

other weaves of Kevlar and ad-
ditional high-performance fi-
bers such as ultrahigh-molecu-
lar-weight polyethylene, liquid-
crystal polymers, and other ar-
amid-hased fibers.

Modular Body Armor also
has a “hard” component, a set
of removable plates inserted
into front and back pockets on
the vest, for protection against
rifle bullets. The hard plates
currently designated for the
system are made of a ceramic
material, although researchers
are investigating the perfor-
mance of metal plates, prima-
rily titanium, as well. The
plates are backed up by a fiber-
reinforced composite with a
plasticized resin that supports

the ceramic against the force of

a batlistic impact.

With chemical and biologi-
cal weapons—toxic chemical
agents and infectious microbes,
respectively—posing a particu-
larly ominous battleficld threat.
work 1s also under way to de-
velop comprehensive protec-
tion for soldiers against those
less-traditional forms of war-
fare. Two areas of research are
being pursued. The Joint Ser-
vice Lightweight Inegrated

Suit Technology {JSLIST} pro-
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gram, based at Natick, is a con-
solidated effort of the four ma-
jor branches of the U.S.
military to design and develop
the next generation of protec-
tive garments based on materi-
als that are permeable to air
and water vapor yet effectively
block chemical and biological
agents.

Such materials employ two
layers of fabric. The outer layer

has all the typical attributes of
good environmental protection,
including water resistance, low
flammability, and the ability to
be imprinted with a camou-
flage pattern. The inner layer
contains activated carbon that
adsorbs the toxin and prevents
it from getting through to the
skin. If the toxin is delivered as
a liquid rather than a vapor,
the water-repellent outer-
shell fabric causes
the liquid to bead
on the surface and
cvaporate with-
out penetration.
Since the layers
pass air and

waler vapor,

body sweat
can evaporate
and leave,
which vastly
minimizes the
risk of heat
stress among
soldicrs wearing
protective clothing in

warm climates.

The JSLIST program has al-
ready developed an overgar-
ment that reduces the weight
and bulk associated with pro-
tective clothing, is launderable,
and is durable enough for 45
days of wear. It also has an
integrated hood and thus offers
improved protection where the
soldier's mask meets the gar-
ment. The accompanying boot
is durable enough for 60 days
of wear and is fire-retardant
and petroleurn-, oil-, and lubri-
cant-resistant.

The second avenue of re-
search pursued by Natick sci-
entists invelves clothing that
incorporates a so-called perm-
selective barrier, which would
be particularly effective against
biclogical agents and would re-

duce weight even more. The
fabric of the garment would
still consist of two layers, but
the inner layer, made of a poly-
meric film, would be much
thinner and lighter than the ac-
tivated-carbon—based fabrics.
The film would act as a diffu-
sion barrier with selective per-
meability; it would be imper-
meabie t0 air and would retard
the penetration of organic
chemical toxins, but it wouid
permit sweat to evaporate and
leave. This inner layer would
offer protection not only
against Hiquid and vapor chem-
ical toxins but also against
aerosols, the primary method
of delivering biological agents.
Since permeation rates of or-
ganic compounds differ from

Modular Body Armor {left} combines a “soft” vest made of Kevlar and other
high-performance fibers with “hard” ceramic or metal plutes that skip info front
and buck pockets on the vest. {Below) Designed for tent support, these
infletable fabric arches, or airbenms, are made by means of o new seamless

three-dimensional weaving ond braiding technology developed ot Natick.
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one permsekective barrier wo an-
other, it 15 the ability to predict
the properties of these barriers

that lies at the cutting edge of

research in the field.
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One of the more stanificant av-

cnues of research being pur-
svad by Nauck's experts in
solt-shelter systems is a textile
technology that promises new
levels of mobility and protec-
Lion to soldiers in the field as
well as broad applications in
areas beyond the world of
tents. Natick has developed
techniques for weaving and
braiding fabrics in three dimen-

stons Lo make seamiess fabric

Hot peste and chicken entrees
{above) ore among the menu choices
for the shelf-stebie Meal, Ready-to-
Eat (MRE} field retion. A soldier
{right} activates o chemical rafion
heater with water fo warm his FRE.

When under

high pressure. the (wbes can

tubes. mflated
lunction as arches, or airbeams.
in place of metal frames for
Adr-

heams altow for rapid. easy de-

tent structural support,
ployment and for tents that are
significantly lighter than traci-
tipnat shelers.

The high-strength structural
fabric wbe produced by the
new technology is unlike that
used 1o make commercial in-
flatable shelbters. Most com-
inflatables are
[Hat-

fabrics are

mercial
seamed-—canventional
manufactured
coated, cut into patterns, and
then glued or heat-welded to-
cether, Applicaticn of this

technigue to mititary shelters

has shown that air inevitably

leaks out through the seams,
which reduces the pressure and
the strength of the inftatable.
The new seamless 3-12 weaving
and braiding techniques result
in high-strength structures with
improved reliability and dura-
bility.

The U.S. Navy is interested
in extendinyg the technology be-
yond sirbeams o build light-
weignt, high-strength water
and fuel-transfer containers
and ejection-seat stabilizers for
aireraft. Seamiess fabric tubes
could serve a variety of other
military and civilian needs as
well—for example, in con-
structing dams and other flood-
control devices, safer break-
waters for offshore bases, am-

munition barricades, inflatabic

(iaft) AP /Wide World; Gright} LS. Arary SSCOM Phalo
; = o

176

space antennas. pollution-
control devices, humuanttarian-
reliel shelers, inflatable bows,

and aireraft escape slides.

THE ARMY'S KITCHEN

State-of-the-art food facilities
have solidified Natick’s stand-
ing as the army’s kitchen. In
lacl. all of the recipes used by
the U.S. armed forces in mili-
tary dining facilities around the
world are tested in kitchens lo-
cated in the Natick Labs, New
recipes are developed and
lested according to new find-
ings in nutrition, new trends in
taste, and the changing dictary
needs of the religiously and
cthnically diverse military pop-
ulation, All army field rations
are also tested on the premises,
s are commerciai products
that may one day be included
in those rations.

Its cxtensive food-testing,
processing, and packaging ca-
pabilities have allowed Natick
to take the lead in imnovative
ration design. [t was a pioneer
in the development of freeze-
dehydrated foods, and it devel-
opad early cake mixes during
World War 1L In the 19605 it
was also a leader in perfeciing
high-altitude feeding systems
like

semisolid engrees and desserts

Tube Foods, which are

comtained in aluminum con-
tainers that resemble toothpasie

tubes. Originally used by asuro-
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Natick's #obility Enhancing Ration
Components (MERC) system includes
peunui-imﬂer-und-]eliy {right} and
sausage (far right) pocket
sundwiches. MERCs are eat-on-the-
cun convenience foods that require no
Heatiag or special storage.

pawts in the Mercury, Gemind.
and Apello programs, Tube
Foods are now designed for
pitots who fly at high ali-
fdes and  must ear while
wearing oxygen masks. More
recently, Natick was the birth-
place of the Meal, Ready-to-
Eat (MRE), the standard army
ficld ration that has been
served o soldiers since 1980,
when it began replacing the
Meal, Combat Individual, or C
ration. More than 100 million
of these meals were sent Lo
troops in Saudi Arabia during
the Persian Gulf War in 1990—
o1

The groundbreaking MRE,
which meels the calorie- and
nrotein-intensive standards of
the military's recommended-
daily-aliowance guidelines set
by the U.8. surgcon general, is
designed for long-lasting fresh-
ness. Owing to a triple-lami-
nate foil packaging lechnique
that protcets the food from
oxygen and moisture, two pri-
mary culprits in spoilage.
MREs are shelf-stable for a

minimum of (hree years at 277

C (80° Fy and a minimum of

six months at 38° C (1007 I).
The packaging process, which
Hicorporates  ieat  pasteurizi-
tion, oxvgen scavengers that
absorb excess oxygen, and vac-

uum seals that keep out food

spoilants. makes the use of

chemical preservatives unnec-

C.\'S.‘H'}’.

Soldiers heat their MREs in

the field. using “[fameless ra-
tion heaters.” which the Natick
Labs developed so that troops
in remote locations could enjoy
Lot food. Pouring a smali
amount of water in the polyeth-
ylene bag containing the heal-
ing mixture—a blend of food-
arade magnesium, iron, and
salt—triggers a chemiecal reac-
tion that cavses the water to
hoil. Simply by adding water o
the heating bag and dropping
in an entree pouch, a hungry
soldier can have a fully heated
meat in [0 minutes’ time,
Natick continues to make
new advances in ration design.
One is the development of Mo-
bility Enhancing Ration Com-
ponents (MERCs), a ftlexible
ration system that gives sol-
diers all the eat-on-the-run con-
venience of sandwiches,
MERCs are nutritions shelf-
stable pocket sandwiches—
barbecued chicken, salami, and
peanut butter and jelly are
among current offerings—that
reguire no heating, stay Iresh in
storage, and are suitable for all
climates. They represenl a

breakthrough in the state-of-

the-art technology
of intermediate mois-
ture Toods.

In addition. elforts are
under way to develop and
engineer foods that will en-
hance the physical and mental
performance of combat sol-
diers during extended opera-
tions and under all climatic
conditions. Referred to as Per-
formance Enhancing Ration
Compenents (PERCs), these
foods will be formulated with
a bajance of ingredients that
have a proven potential o en-
hance performance. Incorporat-
ing complex carbohydrates,
caffeine, glutamine, tyrosine,
and cheline as possible en-
hancements, PERCs wiil be de-
signed to provide extra energy,

delay fatigue, improve re-

Phatographs, 1.5, Asmy SSCOM

sponse Ume and decision k-
ing, and minimize deciines in
performance under stress.

Products developed to date in-

clude a high-encrgy food bar

called the HooAH! Bar and a
beverage called the ERGO (En-
ergy Rich. Glucose Optimized)

Drink that acts as a source of

supplemental carbohydrates,
Both products wil} be issued to

soldiers in the near future,

(OMING DOWN EASY

Parachutes have leng played an
important role in the deploy-
ment of soldiers and supplies,
and airdrop technology will be-
come even mare vital as hu-
manilarian operations increase
in frequency and create a de-
mand for the guick delivery of
food, medicine, and relief shei-
ters. Parachutes also have be-
come integral to the comple-
tion of gpace missions, such as
the landing of Mars Pathfinder
on the Martian surface in 1997
and the descent of the Galileo
probe mnto Jupiter’s atmosphere
in 1995, For such reasons Nat-
ick is constandy looking at
wiys to improve airdrop capa-

bilities. Using the considerable

The HooAH! Bar is one of a line of
Performance Enhancing Ration
Components (PERCs) developed by
Natick's food experts to boost a
soldier's energy and deluy fotigue
under stress.




Natick's Advanced Precision Aerial
Delivery System uses o wing-shoped
purafoil canapy and an awtomutic
navigefion system to deliver
payloads from high altitudes
precisely where needed.

number-crunching power of

lhe cen-

NEW  SUPCTCOmpuIeTss,
ter’s Agraspace enginecrs are
conducting Jeading-edge re-
search that should pave the
way for more efficient and bet-

er targeted parachute design

and safer parachute deploy-
ment.

Understanding the aerody-
namic forces that govern the
deployment, inflation. terminal
deseent, and impact of wirdrop

systems is important to design-

ing parachutes. The physics of

these cvenls are vary L'(')IHPIL‘,\.
however, because they involve
not only the motion of the air-
drop system itself but also the
turbulent and unsteady atrflow

around and through the para-

S. Ariny SSCOM Photo

chute, Analytic or numerical

models describing and predict-
ing parachute deployment and
inflation have thus been diffi-
cult to construct, and designers
have traditionally relied on
trial-and-error field ests o re-
veal the effects of the interac-
tion of these physical forces on
their creations. Natick is over-
coming that limitation, devel-
oping analytic computer mod-
efs that accurarely predict the

physics of parachutes.
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The acrodynamic forces in-
fluencing parachute inflation
are characterized by the inter-
action between fluid dynam-
ies—that is, the velocity and
pressure distribution caused by
the airflow in and around the
parachute’s canopy-—-and struc-
tural dynamics, which involves
the solid parts of the airdrop
system, including the fabric of
the canopy, the suspension
lines, and the payload. This
interaction makes it impossible
to predict the pressure distribu-
tion on a canopy surface with-
out an accurate representation
of the canopy’s shape. At the
same lime, however, the shape
of the canopy cannot be de-
seribed without an accurate
representation of the pressure
distribution on the surface.

Along with colleagues
across the country, Natick re-
searchers are attempting to nu-
merically integrate software
that predicts fluid dynamics
with software that predicts
structural dynamics. They have
developed a two-dimensional
model for an airdrop system
featuring this integration and
arc working with researchers al
the University of Connecticut
to apply the approach in threc
dimensions. Advances in high-
performance computing are
making such intricate simula-
tions possible. Researchers
hope that onc day they will he

able to offer engineers a refa-




tively user-friendly design tool
that will predict parachute per-

formance ahead of field testing.

THE SOLDIER AS
FIGHTING SYSTEM

On the battlefield of the future,

as threats become more sophis-
ticated, soldiers will have com-
puter technology at their
fingertips, even incorporated
into their uniforms. Clothing
and equipment design, there-
fore, is entering a renaissance,
and opportunities abound for
advances in soldier protection
and comfort. Natick's research-
ers are investigating so-called
smart lextiles, fabrics with
built-in sensors that can iden-
tify and adapt to various
threats. The center is also tak-
ing a leading role in developing
protective countcrmeasures {o
threats from directed-energy
weapons, such as lasers, which
produce beams of concentrated
energy. Eye protection in the
form of a device that guards
against tunable lasers is at the
center of present research, but
there will be a greater need for
directed-energy protection if
weapons capable of projecting
destructive levels of microwave
energy become a significant
part of the battlefield.

The project that stands at the
forefront of these efforts,
weaving together the strands of

all of Natick’s research, is
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On the digitized hottlefield of the
future, soldiers will have computer
technology incorporated into their
uniforms and equipment. Each soldier
will be a complete weapons platform
whose equipment Is united by design
into o single, performance-optimized

system.

Land Warrior, a revolutionary
program to develop a totally
integrated soldier fighting sys-
tern for the 21st century, The
concept behind Land Warrior is
the view of the soldier as a
complete weapons platform-—
the soldier whose individual
equipment is united by design
into a single, perfermance-
optimized system. One of the
most striking elements of the
system is its helmet, which has
a mouited computer and sen-
sor display that acts as the sol-
dier's interface to the other
components of the system and
to the battlefield. Through the

display, the soldier can view
computer-generated graphic
data, digital maps, inteiligence
information, troop locations,
andd imagery {rom a heat-sens-
ing Thermal Weapon Sight and
video camera on the soldier’s
weapon. The weapon-mounted
imaging devices altow a soldier
to aim and fire at a target
around a corner without expos-
ing more than hands and arms.

As the concept of the soldier
changes, as the individual's
role on the battlefield becomes
more complex. Natick's re-
search becomes al once more

sophisticated and more hum-
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ble, focused, as always, on an
understanding of the soldier as
a human being. By continuing
to support and sustain soldiers
in comfort. by placing a pre-
mium an their nutritional
needs, and by designing equip-
ment to keep them safe, Natick
witl be able o shape a 21st-
century military force that i
technelogically driven but peo-

ple-centered.
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